These experiments were undertaken initially to determine whether confirma" tion could be found for the observation of Laser (1937 a) that in an atmosphere containing only 5 volumes per cent of oxygen, both respiration and glycolysis of rat retina were at or near their maximum rates. On the basis of his experiments with retina and other tissues Laser stated t h a t " the Pasteur effect under the conditions of the experiments depends upon the oxygen tension rather than upon the rate of respiration." Thus the implications of his observation are such that it is important that they be either supported or challenged. Stern and Melnick (1941) repeated the experiment of Laser while determining the physiological absorption spectrum of the Pasteur enzyme, but the data were obtained at a temperature of 27 °. For this reason it was desirable to have further data at 38 ° .
EFFECT OF LOW OXYGEN TENSION ON TISSUE METABOLISM
method of Barker and Summerson (1941) . In nine tests the lactic acid formed in the equilibration period at different oxygen tensions was 25 4-1.8 per cent of the total found at the end of a 2 hour experiment. Accordingly, 75 per cent of this total was used in calculating the Qa. Qa --0.004 mg. of lactic acid, per milligram of tissue per hour. In medium containing bicarbonate buffer (NaHCO~ 0.024 M and 5 per cent CO~), both oxygen uptake and lactic acid output were determined by the second method of Warburg (1924) . In this method the estimation of lactic acid output includes the assumption that the respiratory quotient is 1. Actually the mQ. of retina is lower (Laser, 1937a; Greig, Munro, and Elliott, 1939) , but this fact does not impair the usefulness of the method.
The gas mixtures were made by displacement of saturated CaC1, solution from 20 liter carboys. They were analyzed with the Haldane apparatus. The mixtures were reported on a dry basis, it being understood that the water vapor at 38 °, the temperature of the experiments, amounts to 7 volumes per cent. Consequently the tension in atmospheres is equal to 0.93 times the volume per cent as stated in the body of the paper. Laser's procedure was followed particularly with regard to the rate of shaking (160 cycles per minute) and, in bicarbonate medium, to preliminary equilibration of the vessels with the gas mixtures before adding the tissues. At the conclusion of a 1 or 2 hour experimental period, the retinas were rinsed and dried to constant weight. When lactic acid was to be determined chemically, the experiment was conducted for 2 hours to obtain a larger amount for analysis.
III
The data are summarized and compared with those of Laser in Table I . In phosphate medium the only significant change in Qo2 with time was an increase from the 1st to the 2nd hour with 0.5 per cent oxygen; in bicarbonate medium, the metabolism often fell off during the 2nd hour.
The data for bicarbonate medium are in essential agreement with those of Laser. Therefore not so many bicarbonate buffer experiments were done as with phosphate, where we differ with him. In bicarbonate medium there was no significant decrease in oxygen uptake with oxygen mixtures between 95 per cent and 5 per cent, while at 5 per cent the lactic acid output was almost at the anaerobic level.
In phosphate medium, oxygen uptake was more sensitive to oxygen tension. Laser reported no change in oxygen uptake when the oxygen tension was reduced from 100 per cent to 5 per cent, whereas in our experience, oxygen uptake was 38 per cent less at 10 per cent oxygen than at 100 per cent, and 51 per cent less at 5 per cent oxygen. The Qo, in 100 per cent oxygen, however, agreed with his figure of 17. When the individual data for respiration at different oxygen tensions were plotted against the corresponding data for glycolysis in Fig. 1 , a linear relationship was suggested. This is in marked contrast to the situation in bicarbonate medium, where respiration and glycolysis varied with oxygen tension independently of each other. IV Burk (1939) has discussed and restated three main theories to explain the observed fact that in many kinds of living ceils less alcohol or lactic acid accumulates in the presence of air than when oxygen is excluded. In brief they are first, "the fermentation intermediates are oxidized (Pasteur, Pfeffer, Pfluger)," second, "the fermentation intermediates are mainly resynthesized (Meyerhof)," and third, "the fermentation intermediates are mainly not formed" because "oxygen presumably maintains some reduced component of the fermentation enzyme system in an oxidized inactive form" (Lipmann, 1942) . The results of Laser in bicarbonate medium, which our experiments confirm, support the third theory, for they show that the rate of glycolysis depended in these circumstances on the oxygen tension and not on the rate of respiration. A marked increase in the sensitivity of oxygen consumption to low oxygen tension was observed when phosphate medium was substituted for bicarbonate. The extent to which this change can be accounted for on the basis of a specific influence of the buffer on diffusion, is not known.
In connection with his studies on retina and other tissues, Laser (1937a) called attention to the fact that a 5 per cent oxygen mixture is nearer to the physiological oxygen tension of the tissues than is 100 per cent oxygen, corn- .8
RESPIRATION
FIG. 1. Oxygen uptake at different oxygen tensions as a fraction of the rate in 100 per cent oxygen in each experiment plotted against the corresponding value for lactic acid output as a fraction of the rate in 0.5 per cent oxygen. monly employed in experiments on surviving tissue. He believed also, with Warburg, that tissue metabolism was largely independent of oxygen tension. Since our data on oxygen consumption in phosphate medium, in contrast to Laser's results, show marked sensitivity to oxygen tension, it may be well to mention other instances of sensitivity to oxygen tension. The ingenious experiment of Laser (1932) with inflated rat lungs supported in the gas phase of the Warburg flask, should be recalled. Here, in a situation in which questions of diffusion and buffer specificity do not arise, the Qo~ decreased from 7.1 to 4.6 when the oxygen tension changed from 100 per cent to 10 per cent. More recently, Kempner (1939) has criticized the Warburg point of view, and since then oxygen uptake-oxygen tension curves with critical oxygen tensions well above 5 per cent have been published for bone marrow (Warren, 1942) , kidney (Laser, 1942) , and brain cortex, medulla, and spinal cord (Craig and Beecher, 1943) . Of these, bone marrow and brain cortex exhibit also the linear relation between respiration and glycolysis just described for retina in phosphate buffer. One implication of this relation is that oxygen tension may act on the two processes through the mediation of a common agent.
SUMMARY
Lactic acid production by rat retina in a medium containing phosphate was studied chemically. One half as much lactic acid was found as in a medium containing bicarbonate. In our experience the rate of respiration in a phosphate medium was sensitive to oxygen tension, for it was 38 per cent lower at 10 per cent and 51 per cent lower at 5 per cent oxygen than at 100 per cent oxygen. Previously Laser had reported no decrease in respiration at 5 per cent oxygen in phosphate medium. In phosphate medium, when the oxygen tension was varied, respiration and glycolysis bore a reciprocal relationship to each other.
In bicarbonate medium, when the oxygen tension was lowered from 95 per cent to 5 per cent there was no significant change in the respiration, but glycolysis was increased nearly to the anaerobic level. This agrees with the earlier experiment of Laser in bicarbonate medium and adds support to his conclusion that the rate of glycolysis is controlled by oxygen tension rather than by the rate of respiration, under the conditions of the experiment.
We are indebted to Dr. Fritz Lipmann for many helpful suggestions during the course of this study and to Miss Anna Murphy for her careful assistance with the chemical determinations.
